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BALLISTIC DIRECT INJECTION FLASH 
MEMORY CELL ON STRAINED SILICON 

STRUCTURES 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to memory 
devices and in particular the present invention relates to 
?ash memory cells. 

BACKGROUND OF THE INVENTION 

[0002] Memory devices are typically provided as internal, 
semiconductor, integrated circuits in computers or other 
electronic devices. There are many different types of 
memory including random-access memory (RAM), read 
only memory (ROM), dynamic random access memory 
(DRAM), synchronous dynamic random access memory 
(SDRAM), and ?ash memory. 

[0003] Flash memory devices have developed into a popu 
lar source of non-volatile memory for a Wide range of 
electronic applications. Flash memory devices typically use 
a one-transistor memory cell that alloWs for high memory 
densities, high reliability, and loW poWer consumption. 
Common uses for ?ash memory include personal computers, 
personal digital assistants (PDAs), digital cameras, and 
cellular telephones. Program code and system data such as 
a basic input/output system (BIOS) are typically stored in 
?ash memory devices for use in personal computer systems. 

[0004] The performance of ?ash memory transistors needs 
to increase as the performance of computer systems 
increases. To accomplish a performance increase, the tran 
sistors can be reduced in siZe. This has the effect of increased 
speed With decreased poWer requirements. 

[0005] HoWever, a problem With decreased ?ash memory 
siZe is that ?ash memory cell technologies have some 
scaling limitations due to the high voltage requirements for 
program and erase operations. As MOSFETs are scaled to 
deep sub-micron dimensions, it becomes more dif?cult to 
maintain an acceptable aspect ratio. Not only is the gate 
oXide thickness scaled to less than 10 nm as the channel 
length becomes sub-micron but the depletion region Width 
and junction depth must be scaled to smaller dimensions. 

[0006] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for a higher performance 
?ash memory transistor. 

SUMMARY 

[0007] The above-mentioned problems With performance, 
scalability, and other problems are addressed by the present 
invention and Will be understood by reading and studying 
the folloWing speci?cation. 

[0008] The present invention encompasses a ?ash memory 
cell comprising a silicon-germanium layer With a pair of 
doped regions. A strained silicon layer is formed over the 
silicon-germanium layer such that the pair of doped regions 
is linked by a channel in the strained silicon layer. 

[0009] A ?oating gate layer is formed over the channel. 
The ?oating gate layer has at least one charge storage region. 
A ?rst charge storage region of the ?oating gate layer 
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establishes a virtual source/drain region in the channel. The 
virtual source/drain region has a loWer threshold voltage 
than the remaining portion of the channel. A control gate 
formed over the ?oating gate layer. 

[0010] Further embodiments of the invention include 
methods and apparatus of varying scope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 shoWs a cross-sectional vieW of one 
embodiment of a planar, ?oating gate ?ash memory cell of 
the present invention using a strained silicon layer With 
ballistic direct injection. 

[0012] FIG. 2 shoWs a cross-sectional vieW of one 
embodiment of a split gate ?ash memory cell of the present 
invention using a strained silicon layer With ballistic direct 
injection. 
[0013] FIG. 3 shoWs a cross-sectional vieW of one 
embodiment of a vertical split gate ?ash memory using a 
strained silicon layer With ballistic direct injection. 

[0014] FIG. 4 shoWs a ?oWchart of one embodiment of 
the present invention for programming the ?ash memory cell 
With ballistic direct injection. 

[0015] FIG. 5 shoWs a block diagram of an electronic 
system of the present invention. 

DETAILED DESCRIPTION 

[0016] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings that 
form a part hereof and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in suf?cient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense, 
and the scope of the present invention is de?ned only by the 
appended claims and equivalents thereof. 

[0017] FIG. 1 illustrates a cross-sectional vieW of one 
embodiment of a planar ?ash memory cell of the present 
invention. The cell, in one embodiment, is comprised of a 
silicon or a silicon-on-insulator (oxide) substrate 106 With a 
silicon-germanium (S1XG€1_X) layer 107. TWo n+ doped 
regions 101 and 102, acting as source/drain regions, are 
implanted into the S1XG€1_X layer 107. The function of the 
region 101 or 102 is determined by the direction of operation 
of the memory cell. 

[0018] In the embodiment of FIG. 1, the SiXGe1_X layer 
107 is a p-type material and the source/drain regions 101 and 
102 are n-type material. HoWever, alternate embodiments 
may have an n-type S1XG€1_X layer With p-type source/drain 
regions. 
[0019] A strained silicon layer 100 is formed on the 
SIXGCH layer 107. Strained silicon takes advantage of the 
natural tendency of atoms inside compounds to align With 
one another. When silicon is deposited on top of a substrate 
With atoms spaced farther apart, the atoms in the silicon 



US 2005/0276117 A1 

stretch to line up With the atoms beneath, thus “stretching” 
or “straining” the silicon. In the strained silicon, electrons 
experience less resistance and can ?oW up to 70 percent 
faster Without having to shrink the siZe of the transistor. 

[0020] In one embodiment, the strained silicon layer 100 
is formed on the relaxed SixGe1_X layer 107 by an ultra-high 
vacuum chemical vapor deposition (UHVCVD) process. In 
another embodiment, an ion implantation process on the 
silicon substrate 106 is employed. The strained silicon layer 
100 and SixGe1_X layer 107 may also be formed on an 
insulator to make silicon-on-insulator (SOI) structures. This 
structure may be formed by UHVCVD, ion implantation, 
Wafer bonding, or other processes. 

[0021] In additional embodiments, the strained layer 100 
is formed by micromechanical stress on a thin silicon ?lm 
structure on the silicon substrate 106 or by mechanical stress 
on a bulk silicon substrate. 

[0022] A channel region 110 is formed betWeen the 
source/drain regions 101 and 102 and in the strained silicon 
layer 100. In one embodiment, this channel 110 is an 
ultra-short channel length of less than approximately 50 nm 
in length. Alternate embodiments use other channel lengths. 

[0023] A tunnel dielectric 130 is formed over the channel 
region 110. The tunnel dielectric 130 is generally a silicon 
oxide, but may be any dielectric material. Some examples 
include silicon oxides (SiO/SiOZ), silicon nitrides (SiN/ 
Si2N/Si3N4) and silicon oxynitrides (SiOXNy). 
[0024] A polysilicon layer 104 is formed over the tunnel 
dielectric 130. The polysilicon layer 104 is the ?oating gate 
and may be conductively doped. An example Would be an 
n-type polysilicon layer 104. Another oxide dielectric layer 
131 is formed over the ?oating gate 104 and may be 
comprised of a substantially similar material as the tunnel 
dielectric layer 130. A control gate 105 is formed over the 
top oxide dielectric layer 131 and can be made of doped 
polysilicon. 
[0025] In the embodiment shoWn in FIG. 1, the tunnel 
dielectric layer 130 and ?oating gate 104 are considered the 
gate insulator 109. In another embodiment, the gate insulator 
109 is formed in an oxide-nitride composition 109. In 
alternative embodiments, the gate insulator 109 may be 
selected from the group of silicon dioxide (SiO2) formed by 
Wet oxidation, silicon oxynitride (SON), silicon rich oxide 
(SRO), and silicon rich aluminum oxide (A1203). 

[0026] In other embodiments, the gate insulator 109 is 
selected from the group of silicon rich aluminum oxide 
insulators, silicon oxide insulators With the inclusion of 
silicon carbide, and silicon oxycarbide insulators. In still 
other embodiments, the gate insulator 109 includes a com 
posite layer selected from the group of an oxide-aluminum 
oxide (A1203) composite layer and an oxide-silicon oxycar 
bide composite layer. 

[0027] In still other embodiments, the gate insulator 109 
includes a composite layer, or a non-stoichiometric single 
layer of tWo or more materials selected from the group of 
silicon (Si), titanium (Ti), and tantalum (Ta). 

[0028] During a program operation of the memory cell of 
FIG. 1, electrons are injected from a pinched off area 120 of 
the channel region 110 to the ?oating gate 104 storage area. 
The electrons ?oW in the opposite direction during an erase 
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operation. The memory cell of the present invention 
employs ballistic injection to perform a programming opera 
tion. The ballistic injection provides loWer Write times and 
currents. Ballistic injection is possible in this planar single 
?oating gate structure if the gate length is relatively short 
(i.e., less than approximately 50 nm) 

[0029] FIG. 2 illustrates a cross-sectional vieW of one 
embodiment of a split ?oating gate transistor of the present 
invention. The composition of this embodiment is substan 
tially similar to the planar embodiment of FIG. 1 including 
the strained silicon layer 200. HoWever, the control gate 205 
of this embodiment includes a depression portion that physi 
cally separates or “splits” the ?oating gate 203 and 204 such 
that tWo charge storage areas are created. In operation, the 
memory cell of the present invention employs ballistic direct 
injection to perform the programming operation. 

[0030] The composition of the gate insulator layer 209 is 
substantially similar to the embodiment of FIG. 1. Alternate 
embodiments may use other compositions. 

[0031] FIG. 2 illustrates the pinched off region 220 of the 
channel and, therefore, the virtual source/drain region, to be 
under the left ?oating gate 204. HoWever, since this cell is 
symmetrical, if it is operated in the opposite direction the 
virtual source/drain region Will occur under the right ?oating 
gate 203. 

[0032] The ballistic injection in FIG. 2 is accomplished by 
initially over-erasing the cell. This may be done during a 
functional test. The over-erase operation leaves the ?oating 
gates 203 and 204 With an absence of electrons (i.e., in a 
positive charge state) and creates “virtual” source/drain 
regions near the source/drains regions 200 and 201. The 
virtual source/drain region 220 has a loWer threshold voltage 
than the central part of the channel and is either an ultra thin 
sheet of electrons or a depleted region With a loW energy or 
potential Well for electrons. 

[0033] When the transistor is turned on With an applied 
drain voltage, a variation in potential energy is created along 
the surface of the semiconductor. A potential Well or mini 
mum for electrons exists due to the positive charge on the 
?oating gate 204. When the transistor is turned on, these 
potential energy minimums for electrons cause a higher 
density of electrons near the source and the channel pinches 
off further aWay from the drain than normal. The length of 
the pinched-off region 220 is determined by the length of the 
storage area. Hot electrons accelerated in the narroW region 
220 near the drain become ballistic and are directly injected 
onto the ?oating gate 204. 

[0034] In one embodiment, this pinched-off region 220 is 
in a range of 10-40 nm (100-400 Alternate embodiments 
have different ranges depending on the storage region 
length. 

[0035] The transistor of the present invention is symmetri 
cal and can be operated in either direction, depending on the 
composition of the ?oating gate, to create tWo possible 
storage regions When operated in a virtual ground array. 
Therefore, the above operation description can be applied to 
the operation of the transistor When the remaining source/ 
drain region is biased such that it operates as a drain region 
and the virtual source/drain region is on the opposite side of 
the channel. 
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[0036] FIG. 3 illustrates a cross-sectional vieW of one 
embodiment of a vertical split ?oating gate ?ash memory 
cell of the present invention. The transistor is comprised of 
a silicon substrate 306 on Which a layer of S1XG61_X 307 is 
formed. The layer of S1XG61_X 307 includes a plurality of 
doped regions 301 and 302 that act as source/drain regions. 
In one embodiment, the substrate is a p-type material and the 
doped regions are n-type material. Alternate embodiments 
use an n-type substrate With opposite type doped regions 301 
and 302. 

[0037] The substrate forms a pillar 330 betWeen tWo 
?oating gate storage regions 303 and 304. This provides 
electrical isolation of the storage regions 303 and 304. A 
control gate 305 is formed over the storage regions 303 and 
304 and substrate pillar 330. An oXide dielectric material 
331 provides isolation betWeen the silicon-germanium layer 
307, the split ?oating gate 303 and 304, and the control gate 
305. 

[0038] The strained silicon layer 300 is formed on the 
SlXGCH layer 307 on top of each pillar 330. Some of the 
methods for forming the strained silicon layer 300 have been 
discussed previously. 

[0039] A channel region 310 is formed betWeen the stor 
age regions 303 and 304. Additionally, as in the planar 
embodiment of FIG. 1, a virtual source/drain region 320 is 
formed by an over-erase operation leaving the ?oating gate 
storage regions 303 and 304 With an absence of electrons 
(i.e., in a positive charge state). However, in the vertical split 
gate embodiment, the virtual source/drain region 320 and 
channel region 310 are tWo-dimensional in that they Wrap 
around the corners of the substrate pedestal 330. 

[0040] The operation of the vertical split gate layer tran 
sistor embodiment of FIG. 3 is substantially similar to the 
operations described above for the planar and planar split 
gate embodiments. A drain bias is applied to one of the 
source/drain regions 301 or 302 that causes the channel 
region 310 nearest the drain to pinch off 320 further aWay 
from the drain 301 than normal. Hot electrons accelerated in 
the narroW region 320 near the drain 301 become ballistic 
and are directly injected onto a storage region 303. The 
embodiment of FIG. 3 is also symmetrical and can be 
operated in either direction such that the storage of tWo bits 
is possible When operated in a virtual ground array. 

[0041] Ballistic direct injection is easiest to achieve in a 
device structure Where part of the channel is vertical as 
illustrated in the embodiment of FIG. 3. LoWer Write current 
and times are used since the geometry is conducive to hot 
electrons being accelerated by the electric ?elds. Hot elec 
trons coming off of the pinched off end of the channel can 
be injected onto the ?oating gate storage regions Without 
undergoing any collisions With the atoms in the lattice. 

[0042] In each of the above-described embodiments, the 
strained silicon layer is formed on the relaXed S1XG€1_X layer 
employing UHVCVD, ion implantation, micromechanical 
strain, or mechanical strain. Alternate embodiments may use 
other methods. The substrates or bodies beloW the S1XG€1_X 
layer may be a silicon substrate or an insulator in a silicon 
on-insulator structure. 

[0043] In one embodiment, a substrate or Well voltage, 
Vsub, can be used to assist during a program operation. The 
substrate bias enables the storage regions to store injected 
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electrons in eXcess of those that Would be stored Without the 
substrate bias. Without the bias, the programming process is 
self-limiting in that When enough electrons have been col 
lected on a storage region, that region tends to repel any 
further electrons. The substrate bias results in a signi?cant 
negative charge to be Written to the storage region. The 
substrate bias is not required for proper operation of the 
embodiments of the present invention. 

[0044] In one embodiment, the substrate bias is a negative 
voltage in a range of —1V to —2V. Alternate embodiments 
use other voltages or voltage ranges. 

[0045] The gate insulators of the above-described embodi 
ments form the barrier for the electron’s silicon transistor 
channel. The gate insulator can be reduced to improve the 
ef?ciency of the ballistic injection by using any one of a 
variety of higher dielectric constant (high-k) gate insulators 
With an electron af?nity higher than that of silicon oXide 
(i.e., 0.9 eV). Higher dielectric constant insulators can also 
be used With metal ?oating gates. This reduces the barrier, 
(I), that electrons have to overcome for ballistic injection. A 
reduced barrier alloWs programming at even loWer voltages 
With greater ef?ciency and loWer currents. 

[0046] The simplest nanolaminates With high-k dielectrics 
are oXide-high-k dielectric composites. Since silicon dioxide 
has a loW electron affinity and high conduction band offset 
With respect to the conduction band of silicon (3.2 eV), these 
nanolaminates have a high barrier, (I), betWeen the high-k 
dielectric and the oxide. 

[0047] Embodiments of oXide-high-k dielectric compos 
ites of the present invention can include: oXide-HfO2 (Where 
the Hf is oXidiZed to form the HfOZ), oXide-ZrO2 (Where the 
Zr is oXidiZed to form the ZrOZ), oxide-A1203 (Where the Al 
is oXidiZed to form the A1203), oXide-La2O3, OX1d6-L21AlO3, 
OX1d6-HfAlO3, OX1d6-Y2O3, OX1d6-Gd2O, oXide-Ta2O5, 
OX1d€-T1O2, oXide-ALD PrO3, oXide-CrTiO3, and oXide 
YSiO. Alternate embodiments may include other dielectric 
materials. 

[0048] As illustrated in FIG. 4, one embodiment for a 
method for programming a ?ash memory cell occurs in ?ash 
memory cell comprising a strained silicon layer over a 
silicon-germanium layer With an ultra-short channel (i.e., 
<50 nm) in the strained silicon layer. A positive charge is 
created on the ?oating gate 401. This may be accomplished 
by over-erasing the cell in a split gate structure. 

[0049] One of the source/drain regions is grounded 403 
and a gate voltage is applied to the control gate 405. A 
voltage is applied to the remaining source/drain region 407 
such that ballistic direct injection occurs in a virtual source/ 
drain region of the channel adjacent a section of the ?oating 
gate. In one embodiment, a substrate bias is applied to the 
substrate. 

[0050] FIG. 5 illustrates a functional block diagram of a 
memory device 500 that can incorporate the ?ash memory 
cells of the present invention. The memory device 500 is 
coupled to a processor 510. The processor 510 may be a 
microprocessor or some other type of controlling circuitry. 
The memory device 500 and the processor 510 form part of 
an electronic system 520. The memory device 500 has been 
simpli?ed to focus on features of the memory that are 
helpful in understanding the present invention. 
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[0051] The memory device includes an array of ?ash 
memory cells 530 that can be NROM ?ash memory cells. 
The memory array 530 is arranged in banks of roWs and 
columns. The control gates of each roW of memory cells is 
coupled With a Wordline While the drain and source connec 
tions of the memory cells are coupled to bitlines. As is Well 
knoWn in the art, the connection of the cells to the bitlines 
depends on Whether the array is a NAND architecture or a 
NOR architecture. The memory cells of the present inven 
tion can be arranged in either a NAND or NOR architecture 
as Well as other architectures. 

[0052] An address buffer circuit 540 is provided to latch 
address signals provided on address input connections 
A0-Ax 542. Address signals are received and decoded by a 
roW decoder 544 and a column decoder 546 to access the 
memory array 530. It Will be appreciated by those skilled in 
the art, With the bene?t of the present description, that the 
number of address input connections depends on the density 
and architecture of the memory array 530. That is, the 
number of addresses increases With both increased memory 
cell counts and increased bank and block counts. 

[0053] The memory device 500 reads data in the memory 
array 530 by sensing voltage or current changes in the 
memory array columns using sense ampli?er/buffer circuitry 
550. The sense ampli?er/buffer circuitry, in one embodi 
ment, is coupled to read and latch a roW of data from the 
memory array 530. Data input and output buffer circuitry 
560 is included for bi-directional data communication over 
a plurality of data connections 562 With the controller 510. 
Write circuitry 555 is provided to Write data to the memory 
array. 

[0054] Control circuitry 570 decodes signals provided on 
control connections 572 from the processor 510. These 
signals are used to control the operations on the memory 
array 530, including data read, data Write, and erase opera 
tions. The control circuitry 570 may be a state machine, a 
sequencer, or some other type of controller. 

[0055] The ?ash memory device illustrated in FIG. 5 has 
been simpli?ed to facilitate a basic understanding of the 
features of the memory and is for purposes of illustration 
only. A more detailed understanding of internal circuitry and 
functions of ?ash memories are knoWn to those skilled in the 
art. Alternate embodiments may include the ?ash memory 
cell of the present invention in other types of electronic 
systems. 

CONCLUSION 

[0056] In summary, a ?ash memory device uses a combi 
nation of a very short channel in a strained silicon layer to 
accelerate electrons near a drain region during a Write 
operation. Using the ballistic direct injection, electrons can 
be accelerated over a short distance and easily overcome the 
silicon-oxide interface potential barrier and be injected onto 
the ?oating gate layer. Anegative substrate bias may be used 
to enhance the Write operation. 

[0057] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement that is 
calculated to achieve the same purpose may be substituted 
for the speci?c embodiments shoWn. Many adaptations of 
the invention Will be apparent to those of ordinary skill in the 
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art. Accordingly, this application is intended to cover any 
adaptations or variations of the invention. It is manifestly 
intended that this invention be limited only by the folloWing 
claims and equivalents thereof. 

What is claimed is: 
1. A ?ash memory cell comprising: 

a silicon-germanium layer comprising a pair of source/ 
drain regions; 

a strained silicon layer formed over the silicon-germa 
nium layer, the pair of source/drain regions being 
linked by a channel in the strained silicon layer; 

a ?oating gate layer formed over the channel, a ?rst 
charge storage region of the ?oating gate layer estab 
lishes a virtual source/drain region in the channel, the 
virtual source/drain region having a loWer threshold 
voltage than a remaining portion of the channel; and 

a control gate formed over the ?oating gate layer. 
2. The cell of claim 1 Wherein at least a portion of the 

channel is in a vertical con?guration. 
3. The cell of claim 1 Wherein the channel is in a planar 

con?guration. 
4. The cell of claim 1 and further including a substrate 

bias connection that is capable of applying a bias to the 
substrate. 

5. The cell of claim 4 Wherein the bias is in a range of —1V 
to —2V. 

6. The cell of claim 2 Wherein the vertical channel 
con?guration is tWo-dimensional. 

7. The cell of claim 1 Wherein the virtual source/drain 
region is established in response to an absence of electrons 
on the ?oating gate layer. 

8. The cell of claim 1 Wherein the substrate is a p-type 
silicon material and the source/drain regions are an n-type 
silicon material. 

9. The cell of claim 1 Wherein the ?oating gate layer is 
separated from the strained silicon layer by a ?rst oXide 
dielectric material and from the control gate by a second 
oXide dielectric material. 

10. The cell of claim 1 Wherein the strained silicon layer 
is formed by one of ultra-high vacuum chemical vapor 
deposition, ion implantation, micromechanical strain, or 
mechanical strain. 

11. The cell of claim 1 Wherein the ?oating gate layer is 
a metal ?oating gate. 

12. The cell of claim 1 Wherein the ?oating gate layer has 
a dielectric constant greater than that of silicon oxide. 

13. The cell of claim 1 Wherein the ?oating gate layer is 
part of a composite gate dielectric layer that is a composite 
oXide-high-k dielectric gate insulator Wherein the high-k 
dielectric is a charge trapping layer. 

14. The cell of claim 13 Wherein the gate dielectric is a 
composite oxide-nitride nanolaminate gate insulator. 

15. The cell of claim 13 Wherein the gate dielectric is 
comprised of one of the folloWing structures: OX1d6-HfO2, 
oXide-ZrO2, oxide-A1203, oXide-La2O3, OX1d6-L21AlO3, 
OX1d6-HfAlO3, OX1d6-Y2O3, OX1d6-Gd2O, oXide-Ta2O5, 
OX1d€-T1O2, oXide-Pr2O3, oXide-CrTiO3, or oXide-YSiO. 

16. A ?ash memory cell comprising: 

a silicon-germanium layer comprising a pair of source/ 
drain regions; 



US 2005/0276117 A1 

a strained silicon layer formed over the silicon-germa 
nium layer, the pair of source/drain regions being 
linked by a channel in the strained silicon layer; 

a split gate insulator layer comprising a pair of charge 
storage regions, a ?rst charge storage region establishes 
a virtual source/drain region in the channel, the virtual 
source/drain region having a loWer threshold voltage 
than a remaining portion of the channel; and 

a control gate formed over the gate insulator layer and 
comprising a depression formed betWeen the pair of 
charge storage regions such that the depression elec 
trically isolates the charge storage regions. 

17. The cell of claim 16 Wherein the virtual source/drain 
region is established in response to a drain voltage being 
applied to a ?rst source/drain region adjacent the virtual 
source/drain region. 

18. The cell of claim 16 Wherein the split gate insulator 
layer is comprised of one of the group of: silicon dioxide 
(SiO2) formed by Wet oxidation, silicon oXynitride (SON), 
silicon rich oXide (SRO), silicon rich aluminum oXide 
(A1203), silicon rich aluminum oXide insulators, silicon 
oXide insulators With inclusions of silicon carbide, or silicon 
oXycarbide insulators. 

19. The cell of claim 16 Wherein the split gate insulator 
layer is comprised of a composite layer selected from a 
group of: an oxide-nitride composite layer, an oxide-alumi 
num oXide (A1203) composite layer, or an oXide-silicon 
oxycarbide composite layer. 

20. The cell of claim 16 Wherein the gate insulator is 
comprised of one of a composite layer or a non-stoichio 
metric single layer of tWo or more materials selected from a 
group of silicon (Si), titanium (Ti), or tantalum (Ta). 

21. The cell of claim 16 and further including an insulator 
layer under the silicon-germanium layer to form a silicon 
on-insulator structure. 

22. The cell of claim 16 Wherein the virtual source/drain 
region is established in response to a positive charge on the 
?rst charge storage region. 

23. The cell of claim 16 Wherein the silicon-germanium 
layer is formed on a silicon substrate. 

24. The cell of claim 16 Wherein the strained silicon layer 
is formed by one of ultra-high vacuum chemical vapor 
deposition, ion implantation, micromechanical strain, or 
mechanical strain. 

25. A ?ash memory cell comprising: 

a silicon-germanium layer having a pair of source/drain 
regions, each source/drain region located under a 
trench in the layer, the pair of source/drain regions 
being linked by a tWo-dimensional channel that folloWs 
a surface of a pillar formed betWeen the trenches; 

a strained silicon layer formed over the silicon-germa 
nium layer at the top of each pillar; 

a pair of vertical charge storage regions that are separated 
by the pillar, a ?rst charge storage region capable of 
establishing a virtual source/drain region in the channel 
adjacent to the ?rst charge storage region, the virtual 
source/drain region having a loWer threshold voltage 
than a remaining portion of the channel; and 

a control gate formed over the pair of vertical charge 
storage regions and the pillar. 
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26. The cell of claim 25 Wherein a depression of the 
control gate is formed in the trench to separate a ?rst ?ash 
memory cell from a second ?ash memory cell. 

27. The cell of claim 25 and further including an insulator 
layer under the silicon-germanium layer to form a silicon 
on-insulator structure. 

28. The cell of claim 25 Wherein the source/drain regions 
link a plurality of ?ash memory cells in a virtual ground 
array con?guration. 

29. The cell of claim 25 Wherein the ?ash memory cell is 
a NAND ?ash memory cell. 

30. The cell of claim 25 Wherein the ?ash memory cell is 
a NOR ?ash memory cell. 

31. The cell of claim 25 Wherein control gate is separated 
from the pair of vertical charge storage regions and the pillar 
by an oXide dielectric material. 

32. A ?ash memory cell array comprising: 

a plurality of ?ash memory cells coupled together through 
Wordlines and bitlines, each cell comprising: 

a silicon-germanium layer comprising a pair of source/ 
drain regions; 

a strained silicon layer formed over the silicon-germa 
nium layer, the pair of source/drain regions being 
linked by a channel in the strained silicon layer; 

a ?oating gate layer formed over the channel, a ?rst 
charge storage region of the ?oating gate layer estab 
lishes a virtual source/drain region in the channel, the 
virtual source/drain region having a loWer threshold 
voltage than a remaining portion of the channel; and 

a control gate formed over the ?oating gate layer. 
33. The array of claim 32 Wherein the plurality of ?ash 

memory cells are con?gured in a NAND-type architecture. 
34. The array of claim 32 Wherein the plurality of ?ash 

memory cells are con?gured in a NOR-type architecture. 
35. An electronic system comprising: 

a processor that generates memory control signals; and 

a ?ash memory cell array coupled to the processor and 
comprising a plurality of ?ash memory cells coupled 
together through Wordlines and bitlines, each cell com 
prising: 

a silicon-germanium layer comprising a pair of source/ 
drain regions; 

a strained silicon layer formed over the silicon-germa 
nium layer, the pair of source/drain regions being 
linked by a channel in the strained silicon layer; 

a ?oating gate layer formed over the channel, a ?rst 
charge storage region of the ?oating gate layer 
establishes a virtual source/drain region in the chan 
nel, the virtual source/drain region having a loWer 
threshold voltage than a remaining portion of the 
channel; and 

a control gate formed over the ?oating gate layer. 
36. A method for Writing to a ?ash memory cell compris 

ing at least one charge storage region located betWeen a 
substrate having tWo source/drain regions and a control gate, 
the tWo source/drain regions located in a silicon-germanium 



US 2005/0276117 Al 

layer and linked by a channel a strained silicon layer on the 
silicon-germanium layer, the method comprising: 

creating a positive charge on the ?oating gate; 

grounding a ?rst source/drain region; 

applying a gate voltage to the control gate; and 

applying a drain voltage to the second source/drain region 
such that ballistic direct injection occurs in a virtual 
source/drain region of the channel adjacent a ?rst 
charge storage region of the plurality of charge storage 
regions. 

37. The method of claim 36 and further including apply 
ing a substrate bias to the substrate. 

38. The method of claim 37 Wherein the substrate bias is 
a negative voltage. 

39. The method of claim 36 Wherein creating the positive 
charge includes over-erasing the ?ash memory cell. 
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40. A method for Writing to a ?ash memory cell compris 
ing a gate insulator layer having at least one charge storage 
region located betWeen oXide dielectric layers, a silicon 
germanium layer having tWo source/drain regions and a 
control gate over the gate insulator layer, the tWo source/ 
drain regions linked by a channel in a strained silicon layer 
over the silicon-germanium layer, the method comprising: 

creating a positive charge on the ?oating gate; 

grounding a ?rst source/drain region; 

applying a gate voltage to the control gate; and 

applying a drain voltage to the second source/drain region 
such that the channel is pinched off a predetermined 
distance from the second source/drain region and adja 
cent to a ?rst charge storage region of the at least one 
charge storage region. 

* * * * * 


